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1
SCHEDULING AND RATE CONTROL
COORDINATION ACCOUNTING FOR
INTERFERENCE CANCELLATION AT A
MOBILE TERMINAL

TECHNICAL FIELD

The present invention relates generally to improving data
transmission on telecommunication networks and, more par-
ticularly, to methods and devices for providing scheduling
and rate control coordination accounting for interference can-
cellation at a mobile terminal.

BACKGROUND

3GPP Long Term Evolution (LTE) is a standard for mobile
phone network technology. LTE is a set of enhancements to
the Universal Mobile Telecommunications System (UMTS),
and is a technology for realizing high-speed packet-based
communication that can reach high data rates on both down-
link and uplink channels. As illustrated in FIG. 1, LTE trans-
missions are sent from base stations 102,110 such as Node Bs
(NBs) and evolved Node Bs (eNBs) in a telecommunication
network 106, to mobile stations 104, 108 (e.g., user equip-
ment (UEs)). Examples of wireless UE communication
devices include mobile telephones, personal digital assis-
tants, electronic readers, portable electronic tablets, personal
computers, and laptop computers. The UEs operate within
serving cells 112, 114 corresponding to base stations 102,
110, respectively. LTE wireless communication systems may
be deployed in a number of configurations, such as, for
example, a Multiple-Input, Multiple-Output (MIMO) radio
system.

The LTE standard is primarily based on Orthogonal Fre-
quency Division Multiplexing (OFDM) in the downlink,
which splits the signal into multiple parallel sub-carriers in
frequency. In LTE, available transmission capacity is divided
within the frequency domain 206 and time domain 208 into a
plurality of resource blocks (RBs). For instance, as illustrated
in FIG. 2, a frame 200 comprised of transmission resources
(e.g., RBs) 202, 204 may be transmitted in accordance with
the LTE standard. Each of resources 202, 204 may consist, for
example, of twelve (12) sub-carriers in the frequency domain
and 0.5 ms in the time domain.

One aspect of the LTE transmission scheme is that the
time-frequency resources can be shared between users. A
scheduler controls assignment of the resources among the
users (for both downlink and uplink) and also determines the
appropriate data rate to be used for each transmission. Due to
the use of OFDM, the scheduler can allocate resources for
each time and frequency region. For instance, in the example
of FIG. 2, a first user may be allocated a first group of
resources (shown with hashing) that includes resource 202
while a second user is scheduled for transmission on a second
group of resources (shown without hashing) that includes
resource 204. In most systems, the condition of the channel
for each user is a consideration in determining the most effi-
cient allocation of resources. For instance, a scheduler may be
configured to give scheduling priority to UEs with the highest
channel quality.

The quality of the signal received by a given user is depen-
dent upon a number of factors, including the channel quality
from the serving node, the level of interference from other
cells and nodes, and the noise level. In order to optimize the
overall capacity of the system, a scheduler will typically try to
match the modulation, coding, and other signal/protocol
parameters to the signal quality. For instance, when signal

10

15

20

25

30

35

40

45

50

55

60

65

2

quality is low, a scheduler may reduce the coding rate or select
a lower-order modulation scheme to increase tolerance to
interference and raw bit error rates (e.g., error rates measured
before decoding) or to otherwise improve robustness.

According to the LTE standard, UEs may be configured to
report Channel Quality Indicators (CQIs) to assist the sched-
uler. These CQI reports are derived from the downlink
received signal quality and are often based on measurements
of the downlink reference signals (RSs). Channel Quality
Indicators may be referred to as Channel State Information
(CS]) in certain systems.

Despite the many advantages of existing L.TE schemes and
protocols, there exists a significant problem with inter-cell
interference and a need to coordinate between cells in order to
mitigate the negative effects of interference. The LTE stan-
dard is primarily designed to operate under the presumption
that the entire spectrum is available in each cell. In other
words, that the same time-frequency resources may be used in
neighboring cells with limited interference. However, this is
not always true in practice, particularly at the cell-edge.
Transmissions intended for a first user in a first cell, are often
overheard by a second, unintended user in a second cell.

In a heterogeneous network (HetNet), the impact of inter-
cell interference can be much higher due to the large difter-
ence between the transmit power levels of macro and, for
example, pico base stations. A HetNet deployment is illus-
trated in exemplary network 300, which is shown in FIG. 3.
The striped and dotted regions 302, 304 represent the serving
area of a pico base station 306. The dotted region 304 repre-
sents an area where the received power from the pico base
station 306 is higher than that from the macro base station
308. The striped region 302 represents an area where the path
loss between UE 310 and the pico base station 306 is smaller
than that to the macro base station 308. If the pico base station
306 had the same transmit power as the macro base station
308, the dotted region 304 would be expanded to cover the
striped region 302. However, in practice, the transmit power
level of a pico base station is typically much lower than that of
a macro base station, resulting in a much smaller area of the
dotted region 304 shown in FIG. 3.

The striped region 302 is often referred to as the “range-
expansion zone” because, from an uplink perspective, the
system 300 would still prefer that UE 310 be served by the
pico base station 306 within this region. However, from the
downlink perspective, terminals at the outer edge of such a
range-expansion zone experience very large received power
differences between the macro and pico layers. For instance,
in the example of FIG. 3, if the transmit power levels are 40
watt and 1 watt, respectively, from macro base station 308 and
pico base station 306, the power difference can be as high as
16 dB at UE 310. Thus, if UE 310 is in the range-expansion
zone and served by pico base station 306 in the downlink,
while at the same time the macro base station 308 is serving
UE 312 using the same radio resources, UE 310 would be
subject to severe interference from the macro base station
308.

Existing solutions to this type of interference attempt to
avoid simultaneous scheduling of transmission to and from
UEs at the cell-edge of neighboring cells. In order to support
inter-cell interference coordination, information is commu-
nicated between nodes using, for instance, the X-2 interface,
in accordance with the LTE specification. Each cell can iden-
tify the high-power resource blocks in the frequency domain
(e.g.interms of resource blocks) or time domain (e.g. in terms
of sub-frames) for its neighboring cells. This allows the
neighboring cells to schedule cell-edge users in a manner that
avoids these high-power radio resources. Also, reduced
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power sub-frame approaches may be used. These mecha-
nisms are currently employed to reduce the impact of inter-
cell interference in LTE.

Scheduling coordination between cells in existing systems,
however, is not coupled with rate control. The main objective
of conventional inter-cell interference coordination (ICIC)
schemes is to avoid reusing the radio resources that have high
transmit power levels in neighboring cells. Such an approach
ensures cell-edge user performance at the expense of network
spectral efficiency. The reduction in network spectral effi-
ciency can be even worse for frequency domain partitioning
schemes (e.g. frequency-reuse factor greater than 1) or time
domain partitioning schemes (e.g. the almost-blank sub-
frame (ABS) approach considered for heterogeneous net-
works (HetNet)).

Some mobile terminals, known as “interference mitigation
receivers,” have internal interference cancellation capabili-
ties. There are various types of interference mitigation receiv-
ers, such as post-decoding successive interference cancella-
tion (SIC) receivers and iterative multi-stage turbo
interference cancellation (turbo-IC) receivers.

To fully take advantage of a user terminal’s (UE’s) inter-
ference cancellation capability, a base station should adjust
the transmission data rate accordingly. This has been done in
the single-user MIMO (SU-MIMO) case, which is illustrated
in FIG. 4. The serving base station 402 sends multiple data
streams to the same UE 404. The transmission rates of the
multiple data streams can be adjusted to account for interfer-
ence cancellation at the mobile terminal.

For example, the 1°* data stream of FIG. 4 can be decoded
by UE 404 first, despite the presence of interference from the
2"¢ data stream. After decoding the 1% data stream, the
received signal contributed by the 1% data stream can be
cancelled; the cleaned-up received signal is used for detecting
the 2" data stream. The base station 402 adjusts the data rate
of the 2" data stream assuming that the interference from the
1% data stream will not degrade (or have little effect on
degrading) the reception quality of the 2" data stream. Such
rate adjustment may in fact take place at the mobile terminal
in the process of generating the channel quality indicator
(CQI) estimates for the multiple data streams. In this process,
the mobile terminal accounts for reduced (or no) interference
from the 1* data stream to the 2"¢ data stream. The estimated
CQI’s are fed back to the base station, which uses them as the
basis for determining SU-MIMO transmission rates. How-
ever, as discussed above, interference remains a significant
problem in the case of multiple co-channel users served by
nodes in different cells or multiple user MIMO (MU-MIMO)
systems when multiple users are served in the same cell.

Accordingly, there is a need for improved scheduling and
rate control coordination between cells and in MU-MIMO
scenarios that accounts for interference cancellation by UEs
in order to maximize spectral efficiency.

SUMMARY

According to certain aspects of the present invention,
scheduling efficiency is improved by considering the trans-
mission rate, location, and/or interference cancellation capa-
bilities of UEs in a communication network. In certain
embodiments, the transmission data rate to one or more inter-
ference cancellation (IC) capable UEs may be adjusted to
account for the UE’s ability to cancel own-cell MU-MIMO
interference or other-cell interference resulting from receipt
of transmissions from multiple nodes.

Scheduling decisions may be coordinated among the
neighboring cells to ensure high interference cancellation
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efficiency at a victim terminal, i.e., a UE receiving signals
intended for another UE. The scheduling coordinator selects
appropriate pairings of co-scheduled users, either in the same
cell or different cells, to minimize the impact of co-channel
interference. According to certain aspects, the transmission
data rates to one or more co-scheduled users may be lowered
to ensure good interference cancellation at the other
co-scheduled users. When multiple co-scheduled terminals
are capable of interference cancellation, the coordinating
scheduler may mix different scheduling strategies so that all
IC-capable terminals share the efficiency benefit.

For example, the scheduler may determine that in a first
sub-frame (or resource block), the transmission rate to a first
co-scheduled IC-capable terminal should be lowered to
enable a second co-scheduled IC-capable terminal to effec-
tively perform interference cancellation. In the subsequent
sub-frame, the transmission rate to the second co-scheduled
IC-capable terminal may be lowered to help the first co-
scheduled IC-capable terminal perform interference cancel-
lation. In this example, when the performance is averaged
over time, both IC-capable terminals see improved user data
rates.

In certain respects, certain aspects of the present invention
may be characterized as a “reduced-rate radio resource,”
approach. This is in contrast to existing sub-frame blanking
(zero-rate) schemes, which are based on orthogonal time/
frequency resource partitioning. Particular embodiments of
the invention provide an improvement over reduced power
sub-frame approaches. Specifically, in disclosed embodi-
ments, transmission rates may be lowered, but transmission
power need not be modified. In the case of existing reduced
power sub-frame approaches, the transmission powers (and
necessarily the transmission rates) to the interfering UE(s) are
reduced, which, in general, causes the interfering signals to be
undecodable by a victim UE. Certain embodiments of the
invention enable higher overall system-wide data rates by
fully utilizing the interference cancellation capability of the
UE(s). The proposed reduced-rate solutions may also be
applied to conventional reduced-power approaches as long as
the transmission data rate to a co-scheduled terminal is
reduced to account for both the reduced transmit power and
the decodability at another co-scheduled IC-capable victim
terminal.

In certain embodiments, both scheduling coordination and
transmission data rate adjustment may be based on CQI esti-
mates received from one or more UEs. They may also be
determined by mobility measurements from one or more
UEs, e.g., neighbor cell reference symbol received powers
(RSRPs) reported to the network. A UE may also report CQI
measurements with respect to neighboring cells in addition to
reports for its serving cell.

According to certain aspects, a method for cancelling inter-
ference from data transmissions within a communication net-
work between UEs and network nodes includes receiving, at
a scheduling coordinator, reception quality indicators from a
plurality of UEs that indicate, for each UE, representative link
quality between the UE and one of a first network node and a
second network node. The method further includes selecting
a first scheduled UE from among the plurality of UEs to
receive data from the first network node during a first period
of time and a second scheduled UE to receive data from the
second network node during at least a portion of the first
period of time. A first data rate is determined for transmitting
a first signal from the first network node to the first scheduled
UE and a second data rate for transmitting a second signal
from the second network node to the second scheduled UE.
The selection of the first and second scheduled UEs and/or the
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determination of the first and second data rates are based on
the received reception quality indicators for the first and sec-
ond UEs, which enables the second scheduled user to cancel,
from the second signal, interference caused by the first signal.

According to certain aspects, the received reception quality
indicators include CQI information. The method may also
include receiving, at the scheduling coordinator, mobility
measurement information from one or both of the first and
second scheduled UEs relating to one or more of common
pilot channel (CPICH) received power, received signal code
power (RSCP), and cell-specific reference signal (C-RS)
received power (RSRP). In this case, the selection of the first
and second scheduled UEs and/or the determination of the
first and second data rates are further based on the received
mobility measurement information.

In some embodiments, another method for cancelling
interference from data transmissions within a communication
network between user equipment and network nodes is pro-
vided. The method includes receiving, at a scheduling coor-
dinator, location-based indicators from a plurality of UEs
indicating, for each UE, a location between the UE and one of
a first network node and a second network node. The method
also includes selecting a first scheduled UE from the plurality
of UEs to receive data from the first network node during a
first period of time and a second scheduled UE to receive data
from the second network node during at least a portion of the
first period of time. A first data rate is determined for trans-
mitting a first signal from the first network node to the first
scheduled UE. A second data rate is determined for transmit-
ting a second signal from the second network node to the
second scheduled UE. The selection of the first and second
scheduled UEs and/or the determination of the first and sec-
ond data rates are based on the received location-based indi-
cators for the first and second scheduled UEs to enable the
second scheduled user to cancel from the second signal inter-
ference caused by the first signal.

In certain aspects of the invention, the method may include
determining one or more reception quality indicators based
on at least one of common pilot channel (CPICH) received
power, received signal code power (RSCP), and cell-specific
reference signal (C-RS) received power (RSRP).

In certain embodiments, data rate adjustments may be per-
formed at a scheduling coordinator (such as the scheduling
coordination unit 800 discussed in further detail below with
respect to FIG. 8) that has access to the CQI, location data,
and/or mobility measurement reports from UEs in one or
more cells. For instance, in a High-Speed Packet Access
(HSPA) system, this scheduling coordination unit may reside
in or represent a radio network controller (RNC), such as
RNC 514 illustrated in FIG. 5. In alternative embodiments
(e.g., networks that do not include RNCs), the scheduling
coordination unit 800 may represent another type of network
nodes. Alternatively, a NodeB (in the case of HSPA) or eNo-
deB (in the case of LTE) may be designated as the scheduling
coordinator among a number of coordinating cells. The coor-
dinating scheduler may be implemented, for instance, in the
data processing 708 of a base station 502. In certain instances,
the cells that are being coordinated need to forward measure-
ments to the scheduling coordinator. In a HetNet deployment,
a macro cell may be the scheduling coordinator that coordi-
nates its scheduling decision with the pico cells within its cell
coverage area.

In certain embodiments, a method for cancelling interfer-
ence from data transmissions within a communication net-
work between UEs and a plurality of antennas includes
receiving, at a scheduling coordinator, reception quality indi-
cators from a plurality of UEs that indicate, for each UE,
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representative link quality between the UE and one of a first
of a plurality of antennas and a second of a plurality of
antennas. The method further includes selecting a first sched-
uled UE from among the plurality of UEs to receive data from
the first antenna during a first period of time and a second
scheduled UE to receive data from the second antenna during
at least a portion of the first period of time. A first data rate is
determined for transmitting a first signal from the first
antenna to the first scheduled UE and a second data rate for
transmitting a second signal from the second antenna to the
second scheduled UE. The selection of the first and second
scheduled UEs and/or the determination of the first and sec-
ond data rates are based on the received reception quality
indicators for the first and second UEs, which enables the
second scheduled user to cancel, from the second signal,
interference caused by the first signal. The antennas may be
co-located on a base station, for instance, in a multi-user
MIMO configuration.

According to particular embodiments, different cells may
include a macro cell or pico cell whose coverage area overlaps
with that of the macro cell. Thus, the term “inter-cell” inter-
ference or “other-cell” interference may include interference
from a macro base station to a pico base station as well as
interference between macro base stations or pico base sta-
tions.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated
herein and form part of the specification, illustrate various
embodiments of the present disclosure and, together with the
description, further serve to explain the principles of the
disclosure and to enable a person skilled in the pertinent art to
make and use the embodiments disclosed herein. In the draw-
ings, like reference numbers indicate identical or functionally
similar elements.

FIG. 1 is an illustration of a wireless communication sys-
tem.

FIG. 2 is an exemplary sub-frame of an LTE transmission.

FIG. 3 is an exemplary HetNet system.

FIG. 4 is an illustration of an exemplary SU-MIMO sys-
tem.

FIG. 5 is an illustration of a communication network in
accordance with exemplary embodiments of the present
invention.

FIG. 6 is ablock diagram ofuser equipment (UE) in accor-
dance with exemplary embodiments of the present invention.

FIG. 7 is a block diagram of a node in accordance with
exemplary embodiments of the present invention.

FIG. 8 is a block diagram of a scheduling coordination unit
in accordance with exemplary embodiments of the present
invention.

FIG. 9 is a flow chart illustrating a process for cancelling
interference in accordance with exemplary embodiments of
the present invention

FIG. 10 is a flow chart illustrating a process for cancelling
interference in accordance with exemplary embodiments of
the present invention

FIG. 11 is an illustration of a communication network in
accordance with exemplary embodiments of the present
invention.

FIG. 12 is an illustration of a communication network in
accordance with exemplary embodiments of the present
invention.

FIG. 13 is an illustration of a communication network in
accordance with exemplary embodiments of the present
invention.
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FIG. 14 is an illustration of a communication network in
accordance with exemplary embodiments of the present
invention.

FIG. 15 is an illustration of a communication network in
accordance with exemplary embodiments of the present
invention.

FIG. 16 is an illustration of a transmission sequence in
accordance with exemplary embodiments of the present
invention.

DETAILED DESCRIPTION

The impact of inter-cell interference depends closely on the
interfered with or “victim” terminal’s ability to mitigate inter-
ference from signals not intended for the victim terminal. For
example, presuming that the victim UE includes an interfer-
ence mitigation receiver, the victim UE may be able to first
decode the interference signal and then cancel the interfer-
ence signal before decoding its desired signal. Thus, even a
strong interference signal can be rendered harmless provided
that it can be decoded correctly and removed by the victim
UE.

Accounting for this interference mitigation capability,
transmission data rates to IC-capable terminals can be higher
compared to transmissions to UEs where the interference is
not cancelled. If such interference can be cancelled, there is
no need to avoid reusing the same radio resources when
serving a cell-edge user in a neighboring cell. However, suc-
cessful interference mitigation in the victim UE is dependent
upon on the transmission rate of the interfering signal. This
requires that the scheduler of the cell transmitting the inter-
fering signal have an awareness regarding the victim terminal
and its link quality with respect to the interference cell. If the
victim terminal is served by another cell, the scheduler needs
to acquire the victim UE’s link quality information from its
serving cell.

Particular embodiments of the present invention are
directed to methods for scheduling UEs and mitigating the
effects of interference in a communication network. An
exemplary communication network is provided in FIG. 5 and
includes a first base station 502 and a second base station 504.
Each base station has a serving cell, for instance, base station
502 serves cell 506 while base station 504 serves cell 508. The
second base station 504 may be, in this example, a pico base
station located within the coverage area of macro base station
of 502. UE1 is within cell 508 and in communication with
base station 504. UE2 is within cell 506 and in communica-
tion with base station 502. However, in certain instances, UE1
receives signals intended for UE2, i.e., UE1 is the victim of
interference from base station 502.

The network 500 of FIG. 5 further includes a third base
station 510, which has a serving cell indicated by 516. Base
station 510 is in communication with and serving UE3 in this
example. The base stations 510 and 502 are connected via a
network 512. A radio network controller 514 may also be
connected to the network 512 and configured to communicate
with base station 510 and 502.

FIG. 6 illustrates a block diagram of an exemplary UE
communication device 600, such as UE1, UE2, and UE3 of
FIG. 5. As shown in FIG. 6, the UE communication device
may include: one or more antennas 602, a data processing
system 606, which may include one or more microprocessors
and/or one or more circuits, such as an application specific
integrated circuit (ASIC), field-programmable gate arrays
(FPGAs), or the like, and a data storage or memory system
608, which may include one or more non-volatile storage
devices and/or one or more volatile storage devices (e.g.,
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random access memory (RAM)). The antennas 602 are con-
nected to transceiver 604, which is configured to transmit and
receive signals via the antennas 602. The UE 600 may option-
ally include a separate interference cancellation receiver
module, or alternatively, the interference cancellation may be
implemented in one of the transceiver 604 or data processing
606.

In embodiments where data processing system 606
includes a microprocessor, computer readable program code
may be stored in a computer readable medium, such as, but
not limited to, magnetic media (e.g., a hard disk), optical
media (e.g., a DVD), memory devices (e.g., random access
memory), and the like. In some embodiments, computer read-
able program code is configured such that when executed by
aprocessor, the code causes the data processing system 606 to
perform steps related to interference cancellation and/or
reporting of certain values, including for instance, quality
indicators and reference measurements. In other embodi-
ments, the UE communication device 600 is configured to
perform certain steps without the need for code. That is, for
example, data processing system1 606 may consist of one or
more ASICs. Hence, the features of the present invention
described herein may be implemented in hardware and/or
software. For example, in particular embodiments, the func-
tional components of the UE communication device 1600
described above may be implemented by data processing
system 606 executing computer instructions, by data process-
ing system 606 operating independent of any computer
instructions, or by any suitable combination of hardware and/
or software.

FIG. 7 illustrates a block diagram of an exemplary base
station, such as base station 502 shown in FIG. 5. Base sta-
tions 504 and 510 may be implemented in a similar manner.
As shown in FIG. 7, the base station 502 may include: a data
processing system 708, which may include one or more
microprocessors and/or one or more circuits, such as an appli-
cation specific integrated circuit (ASIC), field-programmable
gate arrays (FPGAs), and the like; a network interface 706
connected to network 512; and a data storage system 710,
which may include one or more non-volatile storage devices
and/or one or more volatile storage devices (e.g., random
access memory (RAM)). The network interface 706 is con-
nected to transceiver 704, which is configured to transmit and
receive signals via one or more antennas 702. According to
particular embodiments, the antennas may be configured to
include one or more antenna ports. For instance, antenna 702
may include a first antenna port 0, and a second antenna port
1, which correspond to ports 0 and 1 of the LTE specification.
In an exemplary embodiment of the disclosed devices and
methods, the base station 502 is a Node B or Evolved Node B.
According to certain aspects, the disclosed nodes may be
macro, micro, pico, and femto nodes operational in a number
of cell types and sizes. Cell size and type may include, for
instance, very small, small, medium, large, very large, macro,
very large macro, micro, pico and femto in accordance with
the LTE specification.

In embodiments where data processing system 708
includes a microprocessor, computer readable program code
may be stored in a computer readable medium, such as, but
not limited, to magnetic media (e.g., a hard disk), optical
media (e.g., a DVD), memory devices (e.g., random access
memory), and the like. In some embodiments, computer read-
able program code is configured such that when executed by
aprocessor, the code causes the data processing system 708 to
perform steps described below (e.g., steps described below
with reference to the flow chart shown in FIGS. 9 and 10). In
other embodiments, the base station 502 is configured to
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perform steps described above without the need for code.
That is, for example, data processing system 708 may consist
merely of one or more ASICs. Hence, the features of the
present invention described above may be implemented in
hardware and/or software. For example, in particular embodi-
ments, the functional components of the base station
described above may be implemented by data processing
system 708 executing computer instructions, by data process-
ing system 708 operating independent of any computer
instructions, or by any suitable combination of hardware and/
or software.

FIG. 8 illustrates a block diagram of a particular embodi-
ment of a scheduling coordination unit 800. The scheduling
coordination unit 800 may represent, or be a component of,
any appropriate radio access network node, such as RNC 514
shown in FIG. 5. As shown in FIG. 8, the scheduling coordi-
nation unit 800 may include the following representative
elements: a data processing system 802 and one or more
interfaces 804 and 806. The interfaces may connect the sched-
uling coordination unit 800, for instance, to additional radio
network controllers, macro base stations such as base station
502, pico base stations such as base station 504, and under-
lying core networks of the communication infrastructure.
These interfaces may enable communication, for instance,
via communication network 512. According to certain
aspects, the data processing system 802 may include a num-
ber of constituent units, such a control section (e.g., controller
808), a handover unit 810, and a combiner and splitter unit
812 in this non-limiting exemplary configuration. Note that in
some cases, scheduling coordination functionality may be
distributed over multiple different network nodes, so sched-
uling coordination unit 800 may represent multiple physical
components within the relevant network.

In embodiments where data processing system 802
includes a microprocessor, computer readable program code
may be stored in a computer readable medium, such as, but
not limited, to magnetic media (e.g., a hard disk), optical
media (e.g., a DVD), memory devices (e.g., random access
memory), and the like. In some embodiments, computer read-
able program code is configured such that when executed by
aprocessor, the code causes the data processing system 802 to
perform steps described below (e.g., steps described below
with reference to the flow chart shown in FIGS. 9 and 10). In
other embodiments, the scheduling coordination unit is con-
figured to perform steps described above without the need for
code. That is, for example, data processing system 802 may
consist merely of one or more ASICs. Hence, the features of
the present invention described above may be implemented in
hardware and/or software. For example, in particular embodi-
ments, the functional components of the scheduling coordi-
nation unit described above may be implemented by data
processing system 802 executing computer instructions, by
data processing system 802 operating independent of any
computer instructions, or by any suitable combination of
hardware and/or software.

Referring now to FIG. 9, a flow chart 900 illustrating a
process for cancelling interference from data transmissions
within a communication network is shown. In certain
instances, the process 900 may be applied to interference
cancellation and scheduling in communication network 500.

In step 902, a scheduling coordinator receives reception
quality indicators from a plurality of UEs, such as UE1 and
UE2 in the example of FIG. 5. The quality indicators are
representative of the link quality between the UEs and first
and second network nodes 502, 504. According to certain
aspects, the received reception quality indicators may include
CQI information.
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The CQI report associated with the desired link is provided
to the scheduling coordinator. For instance, UE1 reports the
quality of'its link with base station 504 while UE2 reports the
quality of its link with base station 502. Further, the CQI
report associated with one or more interference links may
also be provided. In certain embodiments, when the CQI of
the desired link is measured and reported by a victim termi-
nal, it may be assumed that the CQI associated with the
desired link is measured without any benefit of interference
cancellation. However, because the victim terminals of the
present example are equipped with post-decoding interfer-
ence cancellation receivers, the terminals may reflect inter-
ference mitigation benefits in their CQI reports.

In step 904, the first UE (UE1) is selected and scheduled to
receive data from a first network node, such as base station
504 during a first period of time. Similarly, the second UE
(UE2) is selected and scheduled to receive data from a second
network node, such as base station 502, during at least a
portion of the first period of time. As such, the signal intended
for UE2 may interfere with the signal intended for UE1 due to
the overlap of shared radio resources.

In step 906, a first data rate, to be applied to the first signal
transmission from the first base station to the first UE, is
determined. In step 908, a second data rate, to be applied to a
second signal transmission from the second base station to the
second UE, is determined.

The selection of the first and second UEs and/or the deter-
mination of the first and second data rates are based on the
received reception quality indicator. Specifically, the rates are
selected in order to enable the UEs to cancel interference
caused by the unintended signal. For instance, in the example
of FIG. 5, the data rate for the transmission from base station
502 to UE2 may be reduced to allow UE1 to effectively cancel
the interference caused by the transmission. In certain
instances, the appropriate selection of UEs may mean that
reduction in data rate is not necessary in order to co-schedule
the two UEs. However, in further examples, the data rate for
transmission to two, or even all, UEs may need to be reduced
in order for each UE to effectively cancel the interference of
unintended signals. Similarly, a third and/or fourth UE may
be selected rather than, or in conjunction with, UEs 1 and 2.

Disclosed methods for the cancellation of interference
from data transmissions may further include the step of com-
municating a transmission data rate adjustment message to
the first and/or second network node that includes one or more
of reduced modulation order, reduced coding rate, and
reduced MIMO rank.

The processes disclosed herein are not limited to the Het-
Net example of FIG. 5, and as will be discussed further, may
be generally applicable to a number of configurations includ-
ing interference between cells, a HetNet configuration with 3
or more UEs, and same-call multi-user MIMO cases.

Referring now to FIG. 10, a flow chart 1000 illustrating a
process for cancelling interference from data transmissions
within a communication network is shown. As with the pro-
cess 900, the process 1000 may be applied to interference
cancellation and scheduling in communication network 500.

In step 1002, a scheduling coordinator receives location-
based indicators from a plurality of UEs. These location-
based indicators relate to the location of the UE with respect
to one of a first and a second network node.

In step 1004, a first scheduled UE is selected from among
the plurality of UEs to receive data from the first network
node. The first scheduled UE is allocated spectrum resources
during a first period of time. A second scheduled UE is also
selected from among the plurality of UEs to receive data from
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the second network node. The second scheduled UE is sched-
uled during at least a portion of the first period of time.

In step 1006, a first data rate for transmitting a first signal
from the first network node to the first scheduled UE is deter-
mined. This may be determined, for instance, by the sched-
uling coordinator.

In step 1008, a second data rate for transmitting a second
signal from the second network node to the second scheduled
UE is determined. As with step 1006, this determination may
be made by the scheduling coordinator.

The selection of the first and second scheduled UEs and/or
the determination of the first and second data rates are based
on the received location-based indicators for the first and
second scheduled UEs. The scheduled UEs and/or data rates
are chosen to enable the second scheduled user to cancel from
the second signal interference caused by the first signal. For
instance, two UEs may be selected such that given their
respective locations, the first and second transmission rates
do not need to be reduced in order for one or both to effec-
tively cancel unwanted signal interference. However, their
relative locations may indicate that one or both transmissions
need to be at a rate lower than would typically be selected give
their location with respect to the serving nodes.

FIG. 11 illustrates an exemplary configuration for applica-
tion of the inventive processes in a HetNet scenario. As
shown, UE1 is located in the pico range-expansion zone
1108, while both UE 2 and UE 3 are located in the macro
coverage area 1106. At its physical location, UE 1 is capable
of receiving and decoding transmissions with rates indicated
by channel quality measurements CQI,, or CQIl,,, from
either the pico 1104 or macro 1102 node, respectively.
Because UE2 is located further from the macro base station,
it is only capable of effective reception from the macro cell at
a data rate indicated by CQl,,, where CQI,,,<CQI,,,. For
purposes of this example, it may be assumed that the higher
the CQI value, the higher the transmission data rate it corre-
sponds to. With respect to UE3, due to its close proximity to
the macro base station, it is capable of effectively reception in
the macro cell at a data rate indicated by CQl,,;, where
CQI,,>CQL,,,>CQl, .

According to certain aspects of the present invention, a
coordinated scheduling decision may be made to schedule
UE2 in the macro cell using the transmission data rate corre-
sponding to CQI,,,, while UE1 is simultaneously served in
the pico cell. The interference from the macro base station to
UE1, regardless of the power level, can be cancelled by UE1.
This is an effective scheduling and rate decision because UE1
has a channel condition that permits it to receive the macro
signal at an even higher data rate than CQIL,,, (CQI,,, is
greater than CQI, ).

In fact, there is an equal-rate contour within the macro cell
corresponding to CQI,,,, which is represented by a dashed
circle 1110 in FIG. 11. Since the transmission data rate to
macro users outside of such a contour will be equal to or lower
than CQl,,,, scheduling and rate decisions may be location
based as opposed to a CQI based, as described in certain
embodiments above. According to certain aspects, the macro
users outside of this contour can each be co-scheduled with
UE1. The interference from UE2 will have limited impact on
UE1, since the transmission rate for UE2 is such that the
interference from UE2 may be cancelled at UE1.

According to certain aspects, with respect to UEs that
reside in the inner pico zone 1112, there should be no restric-
tion on which users in the macro cell are co-scheduled. This is
due to the fact that in region 1112, the received power from
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the pico is higher than from the macro. Thus, macro interfer-
ence is less of a problem and need not be considered in certain
instances.

In situations where there is no macro user with a CQI level
equal to or lower than CQI,,, (i.e., outside of the CQI,,,
equal-rate contour 1110), the transmission rate to a co-sched-
uled macro user, e.g., UE3 in the system of FIG. 11, may be
reduced. The rate is lowered to ensure that the pico UE in the
range expansion zone 1108, e.g., UE1, can reliably decode
the macro signal and thus cancel its interference. This
approach is referred to herein as a “reduced-rate resource
blocks” or “reduced-rate sub-frames (RRS)” approach.

In this scenario, the transmission data rate to a macro user
may be adjusted lower when the same radio resources (re-
source blocks or sub-frames) are reused by a user in the pico
range-expansion zone 1108. This is advantageous in terms of
spectral efficiency, particularly when compared to existing
blanking (zero-rate) or reduced-power approaches.

One of ordinary skill in the art will recognize that the
scenario of one macro cell coordinating with one pico cell can
be extended to a scenario where one macro cell coordinates
with multiple pico cells, as shown in FIG. 12, or a scenario
where multiple macro cells coordinate with one pico cell, as
shown in FIG. 13.

InFIG. 12, the macro cell may reduce the transmission data
rate from base station 1202 to its served terminal 1204. This
allows the multiple pico served terminals 1206, 1208 to better
decode the macro interference when communicating with
pico nodes 1210 and 1212, and consequently provide for an
increase in their respective user data rate after interference
cancellation.

In FIG. 13, multiple macro cells may reduce the transmis-
sion data rates from base stations 1302, 1304 to their respec-
tive served terminals 1306, 1308 in order to enable the UE
1310 perform interference cancellation during communica-
tions with pico node 1312.

According to certain aspects, transmission-rate reduction
may be achieved by using one or more of reduced modulation
order, reduced coding rate, and reduced MIMO rank. These
rates are reduced in comparison to the recommended values
from the intended (desired) terminal’s channel quality mea-
surement report.

According to certain aspects, scheduling decisions may be
coordinated between macro and pico base stations, and the
scheduling coordinator may have access to CQI reports from
users in macro and pico cells. In one non-limiting embodi-
ment, the scheduling coordinator may reside in the radio
network controller (RNC) of an HSPA system. In a second
non-limiting embodiment, coordinating schedulers in the
base stations can exchange channel quality information via
communication to and from the RNC. In a third non-limiting
embodiment, the coordinating schedulers can exchange
channel quality information via inter-base-station coordinat-
ing protocol(s), such as the X2 protocol specified for LTE.

According to particular embodiments of the present inven-
tion, the disclosed processes for mitigation of interference in
a HetNet inter-cell interference instance can be generalized to
additional network deployments. Here the term “cell” may
apply to a coordinated multi-point (CoMP) cell, where anten-
nas at different cell sites work together to serve a user. An
example of this configuration is illustrated in FIG. 14. As
shown in the example of FIG. 14, UEs 1 and 2 are served by
base stations A and B, respectively. The signals from base
stations A (P, P,,)and B (P,, P5,) cause interference to the
unintended co-scheduled UE. In FIG. 14, the desired signals
are indicated by solid lines, whereas the unintended interfer-
ence signals are indicated by dashed lines.
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According to certain aspects, UE1 reports to its serving
base station (base station A) CQI ,, and CQl,, corresponding
to the radio links to base stations A and B, respectively. A
coordinated scheduling decision may pair UE1 in cell A with
a UE, denoted UE,, in cell B which satisfies one of the
following conditions:

(1) aUE,, with a receiver not capable of IC reporting CQl,,

while CQl 5, <=CQly,; or

(i1) a UE, with a SIC receiver reporting CQl5, and CQI,,

while CQl;,<=CQI, as well as CQI,,>=CQI;.

Under the first condition, inter-cell interference can be
removed at UE1. The first condition may occur when UE, and
UE1 are approximately the same distance from cell B, but the
instantaneous fading condition of the B-k link (i.e. the link
between base station B and UE,) is worse than that of the B-1
link (i.e. the link between base station B and UE1). With
respect to the second condition, inter-cell interference can be
removed at both UE1 and UE2. The second condition may
occur when the fading condition for link B-1 is much more
favorable than that of link A-1 and also the fading condition of
link A-k is much more favorable than that of link B-k.

When neither of the above conditions can be met, the
coordinating scheduler can adjust the data rates to the sched-
uled users in both cells to reap the inter-cell interference
cancellation benefit, with the objective of maximizing the
sum rate from the co-scheduled users in both cells. For
example, the aforementioned reduced-rate approach may be
used. One of the coordinating cells reduces the transmission
rate to its scheduled user to help a simultaneously scheduled
user in a neighboring cell better cancel inter-cell (IC) inter-
ference.

Similar scheduling considerations as above can be applied
to same-cell multi-user MIMO (MU-MIMO) scenarios, such
as the system illustrated in FIG. 15. In the implementation of
the disclosed scheduling coordination techniques in a same-
cell MU-MIMO scenario, for example, there may be no need
to exchange CQI information (and/or other measurement
reports) between cells. Further, there also may be no need to
coordinate scheduling decisions between multiple cells.
However, one of ordinary skill will recognize that, if same-
cell MU-MIMO interference as well as inter-cell interference
are considered jointly, scheduling decisions will have to be
coordinated between multiple cells and the CQI information
(and/or other measurement reports) need to be exchanged or
made available at a coordinating scheduler.

As shown in FIG. 15, a base station 1502 uses antenna A to
send one data stream to UE1 and uses antenna B to send
another data stream to UE2. In this example, antennas A and
B may be physical antennas or virtual antennas (after precod-
ing). For example, in the CoMP case, antennas at different
sites may work together through a precoder to form a virtual
antenna to serve one or more UEs.

In this example, the signals from antennas A and B cause
interference to the other co-scheduled UE. In FIG. 15, the
desired signals are indicated by solid lines, whereas the inter-
ference signals are indicated by dashed lines.

If UE1 is capable of performing post-decoding interfer-
ence cancellation, a scheduling strategy may be used that
schedules UE2 with a transmission data rate that is achievable
at UE1. In this example, a transmission rate that is achievable
ata UE means that the UE has a channel condition for receiv-
ing signals with such a transmission data rate in an error-free,
or near error-free, manner. A UE may be selected which has
estimated CQIs that are lower than those of UE1.

For example, in the system of FIG. 15, UE1 has estimated
CQIs given by CQI ;; and CQl,, which correspond to anten-
nas A and B, respectively. UE1 may, for instance, be
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instructed by the serving cell to estimate CQI based on the
decoding order of antennas B and A, i.e. antenna B signal is
detected first and antenna A signal is detected after antenna B
signal is cancelled. According to certain aspects, a scheduling
pairing scheme is provided that identifies another UE (UE,)
to be paired with UE 1 that meets one of the following con-
ditions:

(1) a UE, with a receiver not capable of IC reporting CQl,,
while CQl5,<=CQl;,;

(i1) a UE, with a successive interference cancellation (SIC)
receiver reporting CQIlg, and CQI,,, assuming the
decoding order of antennas B and A, while
CQLy<=CQL,; or

(ii1) a UE, with a SIC receiver reporting CQl5, and CQI,,
assuming the decoding order of antennas A and B, while
CQI,<=CQly, as well as CQI,,>=CQI ;.

These are exemplary ideal pairing conditions because both
UE 1 and UE, can recover their respective desired signals
error-free, provided that the CQI estimates are accurate. Also,
in all of these instances, the MU-MIMO sum rate is higher
those without other-user signal cancellation. The first two
conditions are likely to be true when UE, is much further
away from the base station site than UE 1 (P,,>>P, and
Pg,>>Pg,). The third condition above is rare and it occurs
mainly due to severe disparity between the fading conditions
associated with the links corresponding to two transmit
antennas.

In some embodiments, a UE may only report the CQI
estimate corresponding to the link to the serving base station,
e.g., only CQI,, from UE 1 according FIG. 14. Thus, base
station B or the network does not know CQly,. Similarly, in
this example, UE, is served by base station B, and thus only
CQlIy, is available to base station B and the network. In this
case, additional CQI information (e.g., CQlz, and/or CQL,,)
needs to be inferred from indirect means.

According to certain aspects, CQlz, may be inferred from
UE 1’s mobility measurement corresponding to interfering
base station B. Similarly, UE,, which is served by base station
B may only report CQlg,, and thus CQl, may need to be
inferred from its mobility measurement corresponding to
base station A. The mobility measurement could be based on
Common Pilot Channel (CPICH) received power, received
signal code power (RSCP), or cell-specific reference signal
(C-RS) RSRP.

For example, UE1 may report mobility measurements M,
and My, regarding base stations A and B, respectively. Thus,
for these exemplary mobility measurements, a terminal needs
to obtain measurements not only about the serving cell signal
strength but also about neighboring cell signal strength. In
addition, UE1 reports channel quality indicator CQI; to its
serving base station A. With this information, the network can
infer CQly, as follows:

CQIp \~CQOLy +Mp,—My,,

where the values are provided on a decibel scale.

According to another aspect, CQI, may be inferred from
UET’s uplink (UL) signal strength or quality measured at
base station B. Similarly, for any UE, served by base station
B, CQl,, may be inferred from its UL signal strength or
quality measured at base station A. Furthermore adjustments
to CQI,, and CQI5, may be made at the UE, serving base
station, or scheduler, to account for imperfect inter-cell inter-
ference cancellation.

In certain embodiments of the disclosed processes for
interference mitigation, the number of interfering base sta-
tions could be more than one. Moreover, the scheduler and
UE may agree on, implicitly (without using special signaling)
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or explicitly (by using special signaling), which base stations
are interfering base stations. For example, the interfering base
stations may be the ones from which the UE has the highest
measured CPICH or C-RS power levels. Moreover, the dis-
closed examples can be extended to cases where one or more
base stations have multiple transmit antennas.

FIG. 16 provides a transmission sequence 1600 illustrating
anumber of aspects of particular embodiments of the present
invention in a communication network having at least three
user devices, three base stations or nodes, and a scheduling
coordinator. The scheduling coordinator may be independent
or a part of any of the three base stations.

In step 1602, a first user device transmits data rate and/or
CQI information. Similarly, in steps 1404 and 1606, second
and third user devices also transmit data rate and/or CQI
information.

In step 1608, a first base station receives the transmitted
information from the first and second user devices. In step
1612, a second base station receives the transmitted informa-
tion from the second and third user devices. In step 1616, a
third base station receives the transmitted information from
the third user device.

In steps 1610, 1614, and 1618, the base stations commu-
nicate the received data rate and/or CQI information to a
coordinating scheduler. According to certain aspects, the
coordinating scheduler may be co-located with one of the
base stations.

In step 1620, the coordinating scheduler receives the data
rate and/or CQI information from the base stations.

In step 1622, the coordinating compares the information
from the base stations. This comparison may comprise, for
example, performance of the one or more of the aforemen-
tioned processes used to mitigate interference. This compari-
son results in the determination of data rates for the user
devices. Depending on the outcome of the comparison, these
data rates may be lower than the data rates typically associ-
ated with the reported transmission data rates or CQI infor-
mation.

In step 1624, the new data rates for each of the user devices
are communicated to the base stations. In step 1626, the first
base station receives new data rates for the first and second
user devices. In step 1628, the second base station receives
new data rates for the second and third user devices. In step
1630, the third base station receives new data rates for the
third user device. These data rates may include, for instance,
coding and/or modulation rates.

While various embodiments have been described above, it
should be understood that they have been presented by way of
example only, and not limitation. Thus, the breadth and scope
of the present disclosure should not limited by any of the
above-described exemplary embodiments. Moreover, any
combination of the above-described elements in all possible
variations thereof is encompassed by the disclosure unless
otherwise indicated herein or otherwise clearly contradicted
by context.

Additionally, while the processes described above and
illustrated in the drawings are shown as a sequence of steps,
this was done solely for the sake of illustration. Accordingly,
it is contemplated that some steps may be added, some steps
may be omitted, the order of the steps may be re-arranged, and
some steps may be performed in parallel.

What is claimed is:

1. A method for cancelling interference from data trans-
missions within a communication network between user
equipment (UE) and network nodes, comprising:

receiving, at a scheduling coordinator, reception quality

indicators from a plurality of UEs indicating, for each
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UE, representative link quality between each of the UEs
and one of a first network node and a second network
node;

selecting a first scheduled UE from the plurality of UEs to

receive data from the first network node during a first
period of time and a second scheduled UE to receive data
from the second network node during at least a portion of
the first period of time;

determining a first data rate for transmitting a first signal

from the first network node to the first scheduled UE;
and

determining a second data rate for transmitting a second

signal rom the second network node to the second sched-
uled UE,
wherein one or more of the selecting of the first and second
scheduled UEs and the determining of the first and sec-
ond data rates is based on the received reception quality
indicators for the first and second scheduled UEs to
enable the second scheduled UE to cancel from the
second signal interference caused by the first signal.
2. The method of claim 1, wherein the received reception
quality indicators include channel quality indicator (CQI)
information.
3. The method of claim 1, further comprising:
receiving, at the scheduling coordinator, mobility measure-
ment information from one or both of the first and sec-
ond scheduled UEs relating to one or more of common
pilot channel (CPICH) received power, received signal
code power (RSCP) and cell-specific reference signal
(C-RS) reference signal received power (RSRP), and

wherein one or more of the selecting of first and second
scheduled UEs and the determining of the first and sec-
ond data rates is further based on the received mobility
measurement information.

4. The method of claim 1, wherein the communication
network is a heterogeneous network.

5. The method of claim 4, wherein the first node is a macro
base station and the second node is one of a micro, pico and
femto base station.

6. The method of claim 1, wherein the received reception
quality indicators indicate that the representative link quality
between the first scheduled UE and the first network node is
lower than the representative link quality between the second
scheduled UE and the first network node, and

wherein the first data rate is determined according to the

received reception quality indicators for the first sched-
uled UE.

7. The method of claim 6, further comprising:

determining that a third UE from the plurality of UEs

should not be scheduled to receive data transmission
from the first network node during the first period of
time,

wherein the received reception quality indicators of the

third UE indicate that the representative link quality
between the third UE and the first network node is higher
than the representative link quality between the second
UE and the first network node.

8. The method of claim 1, wherein determining the first
data rate further comprises:

determining that the first data rate should be set at a rate that

is lower than is indicated by the representative link qual-
ity between the first scheduled UE and the first network
node.

9. The method of claim 8, wherein the determination of the
first data rate includes a reduction in one or more of modula-
tion order, coding rate, and multiple-input-multiple-output
(MIMO) rank.
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10. The method of claim 1, wherein the scheduling coor-
dinator is implemented in a radio network controller (RNC).

11. The method of claim 1, further comprising transmitting
a transmission data rate adjustment message to the first net-
work node including one or more of reduced modulation
order, reduced coding rate and reduced multiple-input-mul-
tiple-output (MIMO) rank.

12. The method of claim 1, wherein the scheduling coor-
dinator is implemented in one or more of the first network
node and the second network node.

13. The method of claim 1, wherein the second reception
quality indicator is inferred using one or more of an uplink
signal strength and an uplink signal quality measured at the
second node.

14. A base station device operable in a communication
network including a plurality of user equipment (UEs) and a
plurality of network nodes, comprising:

one or more antennas;

a network interface; and

a processor configured to:

receive reception quality indicators for each of the plurality

of UEs indicating representative link quality between
the UEs and one of the base station and a network node
of said plurality of network nodes;

select a first scheduled UE from the plurality of UEs to

receive data from the from base station during a first
period of time and a second scheduled UE to receive data
from the network node during at least a portion of the
first period of time;

determine a first data rate for transmitting a signal from the

base station to the first scheduled UE; and

determine a second data rate for transmitting a signal from

the network node to the second scheduled UE,

wherein one or more of selecting the first and second UEs

and the determining of the first and second data rates is
based on the received reception quality indicators for the
first and second UEs to enable the second scheduled UE
to cancel from the second signal interference caused by
the first signal.

15. The device of claim 14, wherein the received reception
quality indicators include channel quality indicator (CQI)
information.

16. The device of claim 15, wherein the processor is further
configured to:

receive mobility measurement information from one or

both of the first and second scheduled UEs relating to
one or more of common pilot channel (CPICH) received
power, received signal code power (RSCP) and cell-
specific reference signal (C-RS) reference signal
received power (RSRP), and

wherein one or more of the selecting of first and second

scheduled UEs and the determining of the first and sec-
ond data rates is further based on the received mobility
measurement information.

17. The device of claim 14, wherein the communication
network is a heterogeneous network.

18. The device of claim 17, wherein the base station is a
macro base station and the network node is one of a micro,
pico and femto base station.

19. The device of claim 14, wherein the received reception
quality indicators indicate that the representative link quality
between the first scheduled UE and the base station is lower
than the representative link quality between the second sched-
uled UE and the base station, and

wherein the first data rate is determined according to the

received reception quality indicators for the first sched-
uled UE.

5

20

25

30

35

40

45

50

55

60

65

18

20. The device of claim 19, wherein the processor is further
configured to:

determine that a third UE from the plurality of UEs should

not be scheduled to receive data transmission from the
base station during the first period of time,

wherein the received reception quality indicators of the

third UE indicate that the representative link quality
between the third UE and the base station is higher than
the representative link quality between the second UE
and the base station.

21. The device of claim 14, wherein the processor is further
configured to:

determine that the first data rate should be set at a rate that

is lower than is indicated by the representative link qual-
ity between the first scheduled UE and the base station.

22. The device of claim 21, wherein the determination of
the first data rate includes a reduction in one or more of
modulation order, coding rate, and multiple-input-multiple-
output (MIMO) rank.

23. The device of claim 14, wherein the second reception
quality indicator is inferred using one or more of an uplink
signal strength and an uplink signal quality measured at the
network node.

24. A scheduling coordination unit in a communication
network including a plurality of user equipment (UEs) and a
plurality of network nodes, comprising:

one or more interfaces; and

a processor configured to:

receive reception quality indicators for each of the plurality

of UEs indicating representative link quality between
the UEs and one of a first network node and a second
network node;
selecting a first scheduled UE from the plurality of UEs to
receive data from the first network node during a first
period of time and a second scheduled UE to receive data
from the second network node during at least a portion of
the first period of time;
determining a first data rate for transmitting a first signal
from the first network node to the first scheduled UE;

determining a second data rate for transmitting a second
signal from the second network node to the second
scheduled UE,

wherein one or more of the selecting of the first and second

scheduled UEs and the determining of the first and sec-
ond data rates is based on the received reception quality
indicators for the first and second scheduled UEs to
enable the second scheduled UE to cancel from the
second signal interference caused by the first signal; and
communicate the first and second data rates to the first
and second network nodes via the one or more inter-
faces.

25. The scheduling coordination unit of claim 24, wherein
the processor is further configured to:

determine that the first data rate should be set at a rate that

is lower than is indicated by the representative link qual-
ity between the first scheduled UE and the first network
node.

26. The scheduling coordination unit of claim 24, wherein
the determination of the first data rate includes a reduction in
one or more of modulation order, coding rate, and multiple-
input-multiple-output (MIMO) rank.

27. A method for cancelling interference from data trans-
missions within a communication network between user
equipment (UE) and a plurality of antennas, comprising:

receiving, at a scheduling coordinator, reception quality

indicators from a plurality of UEs indicating, for each
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UE, representative link quality between each of the UEs
and a first of the plurality of antennas and a second of the
plurality of antennas;
selecting a first scheduled UE from the plurality of UEs to
receive data from the first antenna during a first period of
time and a second scheduled UE to receive data from the
second antenna during at least a portion of the first
period of time;
determining a first data rate for transmitting a first signal
from the first antenna to the first scheduled UE; and
determining a second data rate for transmitting a second
signal from the second antenna to the second scheduled
UE,
wherein one or more of the selecting of the first and second
scheduled UEs and the determining of the first and sec-
ond data rates is based on the received reception quality
indicators for the first and second scheduled UEs to
enable the second scheduled UE to cancel from the
second signal interference caused by the first signal.
28. The method of claim 27, wherein the received reception
quality indicators include channel quality indicator (CQI)
information.
29. The method of claim 27, further comprising:
determining that the first data rate should be set at a rate that
is lower than is indicated by the representative link qual-
ity between the first scheduled UE and the first antenna,
wherein the determination of the first data rate includes a
reduction in one or more of modulation order, coding
rate, and multiple-input-multiple-output (MIMO) rank.
30. The method of claim 27, wherein the first and second
antennas are co-located on a base station.
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